ABSTRACT-Purinoceptor-mediated responses were characterized in the ileum of Suncus murinus. Adenosine as well as adenosine 5 triphosphate (ATP) contracted the ileum in a concentration-dependent manner. Contractile responses to transmural electrical stimulation were attenuated by adenosine only at high concentrations. Theophylline competitively blocked the adenosine-induced contraction. Atropine also inhibited the adenosine-induced contraction but in a non-competitive manner. The ATP-induced contrac tion was not affected by theophylline, atropine or a,13-methylene ATP. Indomethacin shifted the concentra tion-response curves for adenosine and ATP to the right. These results suggest that adenosine elicited con tractions via direct stimulation of postsynaptic PI-purinoceptors and postsynaptic potentiation of the acetylcholine response. Suncus ileum will be a unique model for the analyses of purinoceptor-mediated responses.
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Suncus murinus (suncus), which belongs to the family Soricidae of the order insectivore, is regarded as the direct ancestor of the primate in the phylogenetic system (1). We have been characterizing the suncus and found that this animal is a good model for studies on nerve growth factor (2), stress (3), emesis (4), motion sickness (5) and lipid metabolism (6, 7) . As for the pharmacological properties of their cardiovascular systems, the following unique fea tures were found: norepinephrine decreases the heart rate (8); ~-adrenoceptor-mediated response is deficient in the cardiac muscle (9) and the duration of cardiac action potential is extremely short (10) . However, little is known about the pharmacological properties of suncus smooth muscle. In tracheal smooth muscle, the j3-adrenoceptor mediated response is also small (11). Muraki et al. (12) showed that isoproterenol, histamine and neuropeptides cause unique responses of suncus intestine.
In the present study, effects of purine derivatives on contraction of suncus ileum were studied for the possible use of the preparation as a new experimental model. The purine derivatives, such as adenosine and adenine nucleo tides, exert several physiological and pharmacological effects on a variety of tissues innervated by the autonomic nervous system (13, 14) .
MATERIALS AND METHODS

Recording of mechanical responses of isolated prepara tions
Male adult suncus (50-75 g) were sacrificed, and the in testines were quickly isolated. Since the suncus intestine is short and lacks a cecum, appendix vermiformis and tae nia coli, it is rather difficult to distinguish among the duo denum, jejunum, ileum and colon (15) . We regarded the proximal (oral) part of the intestine (of about 3 cm) as the duodenum and the distal (anal) part of 1 cm as the colon. The remainder of the intestine was cut into 3-cm-long pieces and used for experiments as ileal preparations.
Each preparation was vertically mounted in a 5 ml-or gan bath containing physiological salt solution of the fol lowing composition: 118.0 mM NaCI, 4.7 mM KCI, 1.8 mM CaC12, 1.2 mM MgC12, 1.2 mM NaH2PO4, 25.0 mM NaHCO3 and 11.1 mM glucose; the pH was 7.4. The bath was continuously oxygenated with a mixture of 95% 02 and 5% CO2 and maintained at 321C. Isotonic contrac tions of the longitudinal muscle were measured with an isotonic transducer (TD-112S; Nihon Denki Sanei, Tokyo) and recorded on a recorder (FBR 252A; Toa Denpa, Tokyo) under a load of 10 mN. Experiments were started after the preparations were allowed to equilibrate for 1 hr. Concentration-response curves (CRCs) were ob tained by cumulative addition of each agent. The pA2 values were calculated by Schild plot analysis of the data obtained from more than three concentrations of the an tagonist.
Electrical stimulation
Transmural electrical stimulation was applied through two platinum electrodes. Five square wave stimulating pulses (duration: 0.1 msec) at the frequency of 10 Hz were delivered in a train every 90 sec. The stimulation produced a stable contraction and had no direct effect on smooth muscle since the elicited contraction was complete ly abolished in the presence of 10-6 M tetrodotoxin (data not shown).
Drugs
The following drugs were used: adenosine, adenosine 5'-monophosphate sodium salt (AMP), adenosine 5" diphos phate sodium salt (ADP), adenosine 5 triphosphate disodium salt (ATP), a,j3-methylene ATP (a,(3-me ATP) (Sigma Co., St. Louis, MO, USA); acetylcholine chloride (ACh; Daiichi Pharmaceutical Co., Tokyo); atropine sulfate, indomethacin, pirenzepine, theophylline (Wako Co., Osaka). All drugs except for indomethacin were made up freshly in distilled water immediately before use.
Indomethacin was dissolved in ethanol, but the final concentration of ethanol was less than 0.1°10 , which had no significant effect on the contraction and relaxation of the ileum (data not shown). 
RESULTS
Both adenosine and ATP markedly and reversibly contracted the longitudinal muscle of suncus ileum in a concentration-dependent manner ( Figs. 1 and 2 ). Other purine nucleotides, AMP and ADP, also caused contrac tions. However, there were marked differences both in the sensitivities and the maximal responses among the purine derivatives. The pD2 values and the maximal responses are summarized in Table 1 . The sensitivity for ATP was the lowest, but the maximum contraction was the highest for ATP. Sensitivities and maximal responses to AMP and ADP were similar to those for adenosine. In the following experiments, adenosine and ATP-induced contractions were characterized further. The adenosine-induced contractions were strongly an tagonized by the pretreatment with theophylline, a selec tive P1-receptor antagonist (Figs. 1A and 3A) . However, the ATP-induced contraction was not significantly affect ed (Figs. 1B and 3B ). The inhibitory effect of theophylline on the adenosine-induced contractions was competitive, and the pA2 value was 4.92 ± 0.22. ACh-induced contrac tions were not affected by the addition of 10-4 M theo phylline (Fig. 3C) . Effects on electrically evoked contraction were studied. The twitch responses were completely abolished by atro pine (Fig. 4) , indicating that ACh mediated the response. As shown in Fig. 5A , adenosine, up to 3 x 10-5 M, did not affect the stimulation-evoked twitch responses, although the basal tension was increased. Neither potenti ation nor attenuation of the twitch responses was ob served when the stimulus strength was reduced. However, when the concentration of adenosine was increased to 10-4 M, the nerve-induced contractions were decreased (Fig. 5B) . This inhibitory effect of adenosine was also an tagonized by theophylline (data not shown). The adeno sine-induced contractions were smaller in the repetitively stimulated preparation than in the unstimulated prepara tion (Fig. 4) . affecting the responses to ATP (Fig. 6 ). The inhibition was apparently non-competitive. Furthermore, pirenz epine, a selective M,-antagonist, also showed a similar inhibitory effect (data not shown).
Indomethacin was used to study whether arachidonate metabolites were involved in the contractile effect elicited by adenosine or ATP. Indomethacin (10-5 to 10-4 M) showed a weak inhibition of the contractile effect of ATP (Fig. 7B) , whereas it significantly shifted the CRC for adenosine to the right (Fig. 7A) . The pA2 values of indo methacin for adenosine and ATP-induced contractions were 5.46 ± 0.17 and 4.60 ± 0.29, respectively. The values were significantly different (P<0.05, by Student's t-test).
Although the contractions induced by a,r3-me ATP were equipotent to those induced by ATP, they were long-lasting (Fig. 8) , which may indicate that there is no desensitization. ATP still caused similar contractions in the presence of a,~-me-ATP (Fig. 7) .
DISCUSSION
The purine derivatives, adenosine, AMP, ADP and ATP induced contractions of the longitudinal smooth muscle from suncus ileum in a concentration-dependent manner. Adenosine is generally considered to be an inhibi tory substance in smooth muscle, and it relaxes guinea pig trachea (16, 17) , taenia coli (18 20), vas deferens (21, 22) and ileum (23) . Therefore, suncus ileum is a very unique and interesting tissue, which may be the feature of very primitive mammals.
The adenosine-induced contractions were strongly and competitively inhibited by the pretreatment with 10-5 M theophylline. Besides the antagonism of P1-receptors, theo phylline is also known to inhibit cAMP phosphodiesterase in smooth muscle at higher concentrations, which will cause non-specific relaxation. However, the ATP-induced contractions were not affected by 10-4 M theophylline. These results indicate that the inhibitory effect of theo phylline on adenosine-induced contractions was not likely due to the cAMP-induced non-specific relaxation but due to the specific inhibition of P1-purinoceptors. In other words, adenosine caused contractions via stimu lation of P1-purinoceptors.
Adenosine is a powerful inhibitor of neurotransmission both at the skeletal neuromuscular junction and at adrenergic and cholinergic neuroeffector junctions (24) in cluding those in guinea pig ileum (25, 26) . Adenosine up to 3 x 10-5 M did not show any significant effect on nerve induced contractions in suncus ileum. High concentration of adenosine (10-4 M) caused inhibition of nerve-induced contractions as well as basal contraction. The adenosine induced inhibition was blocked by the pretreatment with theophylline. However, the adenosine-induced inhibition of nerve-induced twitches in suncus ileum was much weak er than that in guinea pig ileum (23, 25) . These results sug gest that presynaptic nerve endings in suncus ileum also possess P1-purinoceptors, which may be different in qual ity and quantity from those in guinea pig ileum.
Interestingly, the adenosine-induced contractions were significantly attenuated by atropine in a non-competitive manner. The result may indicate that adenosine acts at postsynaptic muscarinic receptors or releases ACh from cholinergic nerve ending. In the guinea pig ileum, a,j3-me ATP may release ACh because contraction was blocked by atropine (25) . However, 10-8 to 10-3 M adenosine, which contracted the unstimulated ileum, did not en hance but suppressed the nerve stimulation-induced con tractions (Fig. 5) . If the transmural stimulation was al ready at the maximum level, the ACh-releasing effect of adenosine would be masked. However, adenosine did not augment the twitch responses when the stimulus strength was reduced. Furthermore, adenosine still induced con tractions in the presence of 3 x 10' M atropine, which totally abolished the contraction induced by exogenously applied 10-5 M ACh (data not shown) or by the nerve stimulation (Fig. 4) . These results suggest that adenosine acts at a postsynaptic site. However, the adenosine-in duced contractions were smaller when the preparation had been electrically stimulated. Therefore, the presynap tic effect of adenosine is still possible. Further experi ments, e.g., measurement of the release of ACh, are nec essary to clarify why atropine can block the adenosine induced contraction.
ATP shows diverse actions on smooth muscle, relaxa tion of guinea pig taenia coli (18) (19) (20) and trachea (16, 17) , and contraction of guinea pig vas deferens (21, 22) and ileum (23, 25, 27, 28) . In the present study, ATP also caused contraction of suncus ileum. Unlike the adeno sine-induced contraction, the ATP-induced contraction was not significantly inhibited by theophylline or atro pine, suggesting that ATP contracted the ileum via stimu lation of postsynaptic P2-purinoceptors. a,(3-Me ATP caused a rapid but sustained contraction. Application of a,(3-me ATP selectively desensitizes ATP action at P2X purinoceptors, whereas no desensitization is seen at P2Y purinoceptors (29) . In the present study, ATP still in duced similar contractions in the presence of a,/3-me ATP. Therefore, it is possible that ATP contracted sun cus ileum via activation of P2-receptors distinct from P2X purinoceptors. Recently, there is growing evidence for the presence of nucleotide receptor (P2U-purinoceptors) (30, 31) ; and in some systems, it can be distinguished from ATP-recognizing receptors on the basis of cross-desensiti zation experiments (32) . Further studies are necessary to clarify the types of receptors involved in ATP-responses in suncus ileum.
Effects of ATP in several tissues may be mediated via biosynthesis of prostaglandin (33) , and ATP induces prostaglandin formation in the guinea pig taenia coli (34) and trachea (34) . However, effects of indomethacin on ATP-induced contraction are still controversial. Indo methacin blocked ATP-induced responses in the guinea pig taenia coli (35) , trachea (35) and ileum (27) . Lack of an inhibitory effect by indomethacin is also reported in guinea pig vas deferens (21) , ileum (28, 36) , trachea (36) and taenia-coli (36) . In the present study, treatment with indomethacin competitively inhibited both adeno sine and ATP-induced contractions. Shift of the CRC was greater in the adenosine-induced contraction. Adenosine and ATP apparently activate different receptors, but a second messenger may be similar.
We have shown that (3-adrenoceptor mediated responses in suncus ventricle and trachea are very small in comparison with those in rats or guinea pigs and suggest ed deficient coupling between (3-adrenoceptors and adeny late cyclase (9, 11) . Characteristics of the guanine nucleo tide binding proteins in suncus tissue may be different from those in other species. Therefore, the unique feature of P,-purinoceptor-mediated contraction in suncus ileum may be explained by the difference in intracellular mecha nism.
In conclusion, the present study demonstrates that adenosine causes contraction of the ileum in suncus. The effect is probably mediated via stimulation of postsynap tic P,-purinoceptors.
Direct and indirect potentiation of the effect of ACh by adenosine is also suggested. Although the physiological significance of adenosine-in duced contractions of the suncus ileum is not clear, sun cus ileum may be a useful model for studying the mecha nism of purinergic transmission.
